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INTRODUCTION
In western Oregon there are approximately 1 million hectares of
permanent pasture land that is located primarily in the foothills of the Coast
range, Douglas county, and the Willamette Valley (Jackson, 1983). These
pastures are the main source of cattle and sheep feed consume in western
Oregon (Day, 1983). Many of these pastures are not very productive because
of sub-optimal fertility and management practices that have allowed the
encroachment of unproductive grass species. Both forage dry-matter yield and
livestock production increase on most permanent pastures with the introduction
of improved grass species or cultivars (Decker, 1983; Askin, 1990).
Renovating pastures containing unproductive annual and perennial
grasses traditionally has been accomplished by conventional tillage and
replanting (Bellotti, 1983). Mowing, burning, or close heavy grazing is used first
to reduce vegetation. Tillage is used next to suppress or kill existing vegetation
providing less competition for new seedlings (Decker, 1983; Naylor et al.,
1983).But, tillage does not control rhizomatous perennial grasses or
stoloniferous grasses such as bentgrass (Brewster, 1973).In addition tillage
can result in a new crop of weed seedlings that compete with newly planted
species (Kay, 1970). Traditional pasture renovation techniques remove a
pasture from production, reduce soil moisture, and may create erosion2
problems on hill pastures while new grasses become established (Bellotti, 1983;
Decker, 1983; and Askin, 1990).
Since the introduction of non-selective herbicides in the 1950's, the
replacement of tillage, mowing, and close grazing with herbicides began to be
investigated in pasture renovation (Sprague, 1962).No-till seeding equipment
is used after vegetation control. The most often used herbicides for renovation
are paraquat and glyphosate (Kunelius, 1982; Waddington and Bowren, 1976).
Total vegetation control is accomplished by broadcast spraying when
undesirable species are present.Partial (band) spraying is adequate when
hard to control perennial weeds are not present or when desirable species are
present and legumes or other grasses are being added to the pasture (Askins,
1990).
Reseeding is completed with no-till equipment after the less productive
vegetation is killed.No-till seeding reduces soil disturbance, weed invasion,
and soil erosion. Herbicide renovation with direct drilling, compared to
oversowing, also creates positive soil contact with the seed, allows for quicker
use of the pasture, and may lower renovation costs (Blackmore, 1962;
Kunelius, 1982). Awareness and use of direct drill sowing methods with
herbicides have increased worldwide (Naylor et al., 1983).
The objectives of this study were twofold: 1) to compare the effect of two
non-selective herbicides and three seeding techniques on the introduction of
Orchardgrass, Dactvlis qlomerata L. var. Wana, in the Pacific Northwest and,3
2) to investigate if production from unseeded pastures, with improved fertility,
would be comparable to total renovation in yield and quality.4
LITERATURE REVIEW
Pasture Renovation
Much of the permanent pasture land in the United States is low in
productivity (Vough and Decker, 1983). This is attributed to a combination of
factors; low fertility, poor grazing management, and encroachment of
unpalatable species.In Oregon, there are over 1 million ha of pasture land that
provide the main source of feed for cattle and sheep (Jackson, 1983). Forage
production from underproductive pastures can be increased through renovation
including the introduction of improved grass species (Taylor, 1969; Decker
1983).
Pastures are renovated to improve productivity of the sward; both in dry-
matter yield and an increased proportion of desirable species (Graber, 1936).
Renovation includes the partial or total destruction of existing forage. Before
the advent of herbicides, unproductive pastures were either heavily grazed,
mowed, or burned before tilling to suppress old vegetation. Herbicides have
been used since 1950 to improve pastures through selective weed control or by
eliminating all vegetation before sod-seeding (Sprague et al., 1962).
Sodium trichloroacetate (TCA) was the first herbicide to successfully
control unwanted grasses in a sward. This allowed underproductive pastures to
be reseeded with an improved pasture mixture with less tillage (Sprague, 1962).
Broadleaf weeds that survived TCA were controlled by 2,4-D, further reducing5
the need for tillage and eliminating early competition. Thus, control of existing
vegetation, with chemicals, allows pastures to be renovated without tillage,
there by reducing erosion and costs (Bellotti, 1983; Askin, 1990). Studies have
been conducted throughout the world on herbicide-assisted pasture renovation
through sod-seeding.
Sod-seeding is defined as "the placement of a seed into the soil of
existing pastures" (Robinson and Cross, 1960). Sod-seeding is composed of
"overdrilling", the planting of seed, with a drill, into soil without prior cultivation
and "oversowing", the broadcasting of seed manually, by surface machinery, or
aircraft with no precise placement. Other authors limit overdrilling to the
placement of seed into furrows or slits formed in a pasture sward by coulters of
a sod-seeding machine (Warboys and Johnson, 1966).
Sod-seeding overcomes limits of broadcasting seed by placing seeds in
contact with soil, correcting nutrient deficiencies in the seedling area, and
partially reducing local competition (Warboys and Johnson, 1966). Sod-seeding
also reduces soil disturbance and allows reentry for grazing earlier than with
conventional renovation. Another benefit of sod-seeding is that it can be done
when moisture content is near field capacity. More moisture is available for
developing seedlings than when seeded with conventional methods (Askin,
1990).
Eight essential and interrelated management practices have been
developed for successful sod-seeding pasture renovation. They are: species6
selection, site selection, vegetation control, climatic factors, predator control,
seedbed preparation, seeding method, and timing of seeding (Wilkinson, 1976).
Many of the same management principles apply to rangeland renovation.
These include: removing or reducing competition from existing vegetation, using
adapted vegetation suitable for the climate and also for management objectives,
planting 125 to 250 pure live seeds (pis) per m2 when drilling and 500 pls per
m2 when broadcasting to not create competition, choosing an appropriate
planting depth of four to seven times the seed diameter, and planting prior to a
season of reliable moisture and temperature (Herbel, 1983).Both renovation
conditions recognize the need to reduce competition and planting under
favorable climatic conditions for success.
Two critical periods have been observed in the development of pasture
seedings to established plants; 1) the emergence of the seed, which involves
germination and radicle entry into the soil, and 2) the ability of seedlings to
survive a period of drought (Bellotti, 1989). When analyzing these two periods,
successful establishment is the emergence of the first true leaf and survival is
the ability of the plant to regrow after the summer (Dowling, 1971).
Studies show that grass seedlings, in a no-till renovation, will not survive
competition from existing vegetation even with adequate moisture and nutrients
(Dowling et al., 1971; Campbell and Swain, 1973; and Darling and Robinson,
1976). Establishment may occur with competition but survival does not.7
Intense competition occurs for nutrients, sunlight, and water. Seedlings are not
able to compete with existing vegetation or faster maturing annual plants.
Bellotti and Blair (1989) found that a relationship exists between
vegetation control and seeded grass survival.Controlling existing vegetation in
a no-till renovation is more important than the method of seeding (Bellotti,
1989). Mosier (1978) found that this is also true in overseeding pastures with
legumes.Hall (et al., 1987) found that orchardgrass sown into an undisturbed
tussock grassland had a 1% survival while that sown into bare soil had a 39 to
57% survival rate.
When nutrients are plentiful, shading is the most important seedling
survival factor. Shading from competing vegetation decreases grass seedlings
shoot, root, and dry weight (Pritchett et al., 1943). Competition for light is a
major cause of seedling mortality in pasture seeding (Campbell and Swain,
1973; Dowling and Robinson, 1976). Plants grown under shade produce long
thin leaves and the removal of competition may kill up to 75% of established
seedlings because of the exposure to intense sunlight (Pritchett et al., 1943).
To control existing vegetation, non-selective herbicides (such as
paraquat and glyphosate) are used. Two approaches may be used; a blanket
or band application. Blanket sprays are used when desirable vegetation
percentage is low. Band applications are used when the percentage of
desirable species high.8
To be effective and practical, there are four conditions that must be met
in herbicide-assisted pasture renovation: 1)killing the existing plant (including
vegetatively reproductive parts), 2) having a short period of chemical activity
(and being quickly inactivated by leaching, decomposition, or volatilization), 3:
being harmless to livestock, and 4) being inexpensive enough to substitute for
tillage (Frans and Sprague 1953). There are two commonly used herbicides
that meet these conditions; paraquat and glyphosate.
Herbicides
Paraquat
Paraquat (salts of 1,1- dimethyl -4,4 bipyridinium ion) is a member of the
bipyridylium family.It is a non-selective contact herbicide that usually is not
translocated throughout the plant. Paraquat has a rapid action on vegetation
and little or no soil activity.It is immediately adsorbed by the soil and
deactivated by base exchange (Kay, 1983). Paraquat has been shown to aid in
the establishment of both legumes and grasses in pasture renovation. The
acute oral LD 50 on mixed- sex rats is 150 mg/kg.
Paraquat can kill annual plants but it will only slow the growth of
perennial grasses.In a California annual rangeland, it was reported to have
killed all forage present except for sub-clover and hardinggrass (Kay, 1970).
Paraquat gave excellent burndown of perennial vegetation but was not effective
in controlling plants with rhizomes in a mixed sward (Jones, 1962; Allen, 1965;9
and Warboys, 1966 ).Paraquat was shown to have no potential in eliminating
bentgrass, to allow the establishment of more productive grass species, ina
bentgrass pasture (Brewster, 1975).
Timing of paraquat applications may have an effect on length of control.
Paraquat sprayed in the spring, in a native pasture in Manitoba, provided
effective control through the fall, allowing for successful alfalfa seeding (Bowes
and Friesen, 1967).But, if sprayed in the fall, grass control did not last through
the winter and spring seeded alfalfa did not survive. Paraquatcan also be
absorbed from dead plant material by new seedlings as they emerge. This
absorption produced control throughout the winter in a pasture containing winter
annual grasses (Turley and Adamson, 1963).
Proper timing of paraquat application will also lead to improved control.
It has been found that grasses should be sprayed at a height of 2.5 to 7.5cm
(Kay and Owens, 1970). Spraying should be delayed 30 to 60 days after the
first rain to allow for high germination of seeds present. Germinationmay be
enhanced by litter accumulation, which may also increase residual activity of
paraquat.
Planting intervals after spraying are related to seeding method and
surface cover. Planted seeds should not be sprayed with paraquat. This will
result in decreased germination and establishment. When seed is surface-
sown, a time interval of 10 days is recommended after spraying. No time
interval was found to be necessary if slit seeding is used (Campbell, 1974).As10
mentioned before, residual action from thatch containing paraquat may inhibit
grass establishment.
Glyphosate
Glyphosate [N-(phophonomethy)glycine] is a short-lived non-selective
herbicide that controls a wide range of vegetation. The parent acid has a
solubility of 1.57% in water at 25 C and therefore is formulated as an
isopropylamine salt containing an equivalent of 0.36 kg/L of parent acid. The
acute oral LD 50 on mixed-sex rats is 9800 mg/kg. (Baird et al., 1971).
Glyphosate can move with plant sugars which allows for the control of
perennial and rhizomatous plants. Most annuals are also controlled.Plant
growth stage is an important consideration when spraying. New leaves do not
have a source-to-sink flow of nutrients. Therefore, control of Aaropyron repens
is poor at the 1.5 to 3 leaf stage (Rioux et al., 1974). Control increased as
plant length increased, with good control of plants at 25 cm (Claus and
Behrens, 1976).
Growth stage has also been shown to have an effect on the interception
of glyphosate by plants. Young plants have an erect leaf blade resulting in a
small area of interception. Plants are more prostrate after tillering with the inner
surface of the leaf blade exposed. This allows entry and movement of
glyphosate to proceed effectively (Taylor and Case ley, 1978).11
For a herbicide to be considered, it must be inactivated rapidly after
spraying.Initial inactivation of glyphosate in the soil is caused by the reversible
adsorption to clay and organic material (Spank le, 1975).Inactivation by soil,
allows spraying and seeding to occur simultaneously.However, glyphosate
has been found to reduce legume growth when applied directly to the soil
surface followed by broadcasting seeds (Salazar and Appelby, 1982).
The interception of glyphosate by trash does not seem to have an effect
on grass germination (Campbell, 1974).Even though spraying and seeding
can occur simultaneously, seeds should not come into contact with glyphosate.
Seeds sprayed with glyphosate germinated but subsequent growth was reduced
(Campbell, 1974). Several studies recommended to delay seeding of grasses
from 3 to 14 days because of a toxic interaction with sprayed vegetation which
may release phytotoxic chemicals (Campbell, 1974; Welty et al., 1981; and
Naylor et al., 1983).
Species Composition
Herbicides can change species composition to improve pasture quality.
Broadleaf weeds are selectively removed from grass pastures with a variety of
herbicides. Grass weeds can be removed from pastures containing legumes.
Species change is also accomplished by reducing the presence of one species,
while increasing another.12
Paraquat has been used in the spring to suppress Lolium perenne. This
allows an increase in the amount of Trifoium repens in a mixed sward (Vough
and Bastain, 1980). Spring grass growth was retarded but the subsequent
growth produced a similar yield compared to an unsprayed pasture. Spraying
paraquat in the spring in Australia's mediterranean climate reduced grass seed
formation in grass pastures. Forage yields were also decreased, which again
allowed the reestablishment of T. repens. The increased quantity of T. repens
increased the quality of the pasture. Increased quality resulted in improved
animal growth and wool production (Arnold et al., 1970)
Paraquat affects each species in a different manor.It is suggested that
spraying paraquat on a mixed sward can increase the presence of L. perenne,
Festuca ovina, Lotus corniculatus, Rumex obtusifolius, and Achellia millefolium.
Spraying decreased the presence of Dactylis qlomerata, Aqrostis Holcus
lanatus, and Poa annua (Warboys, 1966).
Glyphosate applications will also encourage T. repens production in a L
perenne-dominant sward. Spring applications of glyphosate substantially
suppressed L perenne, which allowed for an increase in T. repens stolons.
Sub-lethal rates of glyphosate produce responses associated with auxin
production, increasing T. repens production (Baur, 1979).In a mixed sward,
Festuca rubra is resistant to 1.5 kg ae/ha while Aorostus tenuis and H. lanatus
are relatively susceptible (Oswald, 1972).D. olomerata and L. perenne are
only moderately susceptible at this level.13
Seeding
With the advent of non-selective herbicides pasture renovation is
accomplished without total destruction of the pasture. Pastures are reseeded
by direct-drilling or broadcasting after spraying with a herbicide. This process
does not create an erosion problem on hill lands, or take land out of production,
and is less expensive (Blackmore, 1962; Kunelius et al., 1962; Bellotti, 1989;
and Askin, 1989).
Soil moisture and temperature, timing, fertility, and species composition
must be considered before proceeding. Timing may be more critical than with
conventional planting because seeds are not placed into a seedbed and may
be left uncovered after planting. A moist seedbed is more important for direct-
drilled and broadcast seeds in the early stage of germination. Slow-growing
species may be better planted in the spring, when moisture is at field capacity
because in fall, reliable moisture may not come until weather is too cool for
establishment (Askin, 1990).
When renovating summer growing grass pastures, autumn is a better
time to plant, especially with ryegrass. This gives the grass enough time to
become established before competing grasses are active.If desireable grasses
are present, then band applications of herbicides may be used to either
introduce legumes into the pasture or increase the population of a grass
species. A blanket application is used for total vegetation control, when
productive species are not present.14
Fertility
It is suggested that annual grass pastures are nearly always deficient in
nitrogen (Jones, 1974). Correcting deficencies increases the grass and non-
leguminous forbes while decreasing legumes.Protein levels will increase early
in the growing season from fertilizer applied in the fall.However, spring protein
levels are usually adequate. Protein levels drop more rapidly in fertilized versus
unfertilized grasses as the season progresses. An annual ryegrass pasture
produced yields of successful harvests of 2800 kg dm/ha with 11.5 kg N/ha,
4933 kg dm/ha with 33.6 kg and 5269 kg dm/ha with 34 kg N/ha (Wilman,
1965).
Perennial grass pastures also benefit from nitrogen applications. Dry-
matter yields were increased in orchardgrass, timothy, and perennial ryegrass.
Yield increases from 22 to 33.5 kg dm per 1.12 kg N/ha were achieved when
39 kg N/ha was applied after each cutting. Bentgrass showed the lowest
response and orchardgrass showed the highest response (Cowling and
Lockyer, 1965).
Species composition can also be effected by nitrogen applications. An
increase of orchardgrass and velvetgrass, a decrease of bentgrass, and no
change in perennial ryegrass percentages were seen (Elliot et al., 1971).Yield
was also increased as shown above. This compares to very little change when
grazing and non-fertility are used to influence composition (Williams, 1985).15
MATERIALS AND METHODS
Data for this study were collected from two pastures renovated with D.
olomertata var. Wana in 1991. One experiment was located at Soap Creek
Ranch, a university cattle operation. Soap Creek Ranch is at an elevation of 85
m and is 20 km from Wilson farm and 22 km from Corvallis. Wilson Farm, a
university sheep operation, is at an elevation of 213 m and is 5 km from
Corvallis.
Site Selection
Soap Creek
Soap Creek Ranch is a cattle operation located at the base of the
foothills.It is on an alluvial fan above an area classified as a wetland. The soil
is of two types: Jory and Abiqua. Jory is a reddish brown silty clay loam. The
Al horizon is 0 to 18 cm deep. Jory soils have a moderately fine, granular
structure. These soils are somewhat hard when dry and is slightly sticky and
plastic when wet. Pores are fine and tubular.Plant roots typically are fine and
root penetration is up to 100 cm.
Abiqua is a silty clay loam soil. The Al horizon is plastic and sticky
when wet, and hard and friable when dry. Pore spaces are small and plant
roots are fine. Abiqua is a medium acid soil compared to the Jory, which is a
highly acid soil.16
The Soap Creek site has a slope from 3 to 5 percent. Permeability is
moderately slow but erosion is slight.High winter water tables limit the use of
these soils which are used mainly for cereal grains, hay, and pasture. Water
availability is 18 to 28 cm. Grass yields will increase in these soils from
applying nitrogen fertilizers. Legumes respond to phosphorus and sulfur
applications.
The vegetation at Soap Creek included the following perennial grasses;
tall fescue Festuca arundinacea), perennial ryegrass (Lolium perenne),
velvetgrass (Holcus lanatus), and bentgrass (Aprostis tenuis). Annual grasses
included; cheat Bromus secalinus), California brome Bromus carinatus),
annual ryegrass (Lolium multiflorum), annual bluegrass (Poa annua), rattail
fescue (Vulpia myuros), and ripgut brome (Bromus ripidus). Subclover
(Trifolium subterranean) was the only clover present. Broadleaf weeds were
present, but were not significant to this study.
The main forage for cattle at this site included tall fescue, the annual
grasses, and subclover. This pasture was used on a rotational grazing
schedule that allowed the plants to mature and develop seed. Previous
overgrazing caused the invasion of weedy annual grasses, bentgrass, and
broadleaf weeds. The annual grasses produce forage for only a short time in
the spring before they produce seed.17
Wilson Farm
Wilson Farm has a north-west exposure, and an elevation of 213 meters,
making it a colder site than Soap Creek. Both renovation sites average 76 to
127 cm of rain a year. Most of the precipitation falls from November to June.
Wilson Farm is a hill land pasture used for sheep production. The soil here is
a Philomath silty clay, composed of silty clay and clay particles. This is a dark
brown, well drained soil. The slope averages 9 percent, which combined with
slow permeability causes moderate erosion. Weathered bedrock underlies the
soil at 46 cm, resulting in 3.7 to 7.5 cm of available water.
The soil use suitability classification is as a IVe-1 rating, suggesting that
this soil is not suitable for cultivation unless precautions are taken for soil
conservation. Philomath clay soil is used for cereal grains, hay, and
unimproved pasture. Grass yields are improved by the application of nitrogen,
and legumes respond well to phosphorus and sulfur.
Native vegetation in the area includes oak trees, brush, blackberries
(Rubus sp.), and poison oak (Rhus diversiloba). The forage in the pasture
includes a mix of perennial and annual grasses. Perennial grasses included tall
fescue (Festuca arundinacea), bentgrass (A. tenuis), velvetgrass (H.lanatus),
perennial ryegrass (L. perenne), and Canada bluegrass (Poa compressa).
Annual grasses included annual ryegrass (L. multiflorum), medusahead
(Taeniatherum caput-medusae), dogtail (C nosurus echinatus), rattail fescue (V.
myuros), ripgut brome (B. riaidus), cheat (B. secalinus), and California brome18
(B. carinatus). Subclover (T. subterranean) was the main legume present.
Other broadleaf plants included catsear (Hypocharis radicata), Galium sp.
dandelion (Taraxicum officianale) and were not considered detrimental to
renovation.
The main source of forage is tall fescue, Canada bluegrass, sub-clover,
and the annual grasses. Canada bluegrass is a rhizomatous perennial that
does well in dryer areas.It is, however, a low forage producer. The annual
grasses produce forage only in early spring and many of these grasses have
large awns on the seed heads. Awns cause mechanical injury in sheep and
they will not graze grasses below the awns. Therefore palatable forage, under
the awns, is left ungrazed.
Experimental Design
A randomized split plot design with four replicates was used for each
experiment. There were five main treatments which consisted of the three
seeding methods (each fertilized), one unseeded fertilized plot, and one
unseeded unfertilized plot.Main treatments were sub-divided into three sub-
plots which consisted of two herbicide treatments and one untreated sub-plot.
Herbicide treatments were randomly selected for each sub-plot in each main
plot. Each main-plot was 2.5 m by 21.0 m. Each experiment was 31 m by 48
m.19
Site Preparation
Mowing
Experiment sites were chosen in the summer of 1991. Both pastures
had been ungrazed through the spring and summer. Both were mowed to a
height of 5 cm with a flail mower on September 19, 1991. This reduced the
standing dry-matter that would have interfered with spraying and planting.
Mowing also was used to represent the effect of grazing. Standing dry-matter
was light (about 1500 kg/ha), at Wilson Farm but heavy (about 2500 to 3000
kg/ha), at Soap Creek. At Soap Creek, thatch from mowing created mats of dry
vegetation throughout the field. These mats were not evident at Wilson farm.
Herbicide Spraying
Herbicide application was delayed until the fall rains.Six and one-half
cm of rain fell October 22 to October 29, 1991. Herbicides were applied on
October 29 and October 30 with a 2.5 m hand boom with six, 8004 flat fan
nozzles. The carrier was water applied at 274 I /ha at 35 psi. The temperature
both days was 10C, with a relative humidity of 75 percent.
Glyphosate [N-(phosphonomethyl) glycine] and paraquat (salts of 1,1-
dimethy1-4,4-bipyridinium ion) were used to control the existing vegetation.
Herbicides were applied at 1.1 kg ae/ha and 1.1 kg ai/ha respectively. The
surfactant X-77 was used at 0.5% vv and 0.25% vv respectively. An
antifoaming agent was also used with glyphosate.20
Seeding
Seeding methods included a Seedmatic no-till drill, a Tye double disk
opener, and the broadcast and harrowing of seed. Seeding with the Aerway
and broadcast method followed spraying by 1 day and seeding with the Tye
followed spraying by 2 days. Two main plots were left unseeded.
The Seedmatic no-till drill, is an inverted T type drill. The inverted T cuts
under the surface cutting roots and thus decreasing competition.It places the
seed in the slit on undisturbed soil and shakes soil in to cover the seed. The
Seedmatic has 16 openers, spaced 15 cm apart. Approximately 2700 seeds
were planted per square meters.
The Tye drill is a double disc drill.It has a single coulter in front to slice
the soil. The V shape of the double disc opens the soil and places the seed in
the ground. This type of drill is used mostly on cultivated ground. The Tye has
11 discs, spaced 21 cm apart. Approximately 2800 seeds were planted per
square meter.
The broadcast seeding was done with the Seedmatic drill. The openers
were raised and the seed tubes were disconnected allowing seed to fall to the
ground from 20 cm. Two passes were made, in opposite directions, to double
the seeding rate. A spike-toothed harrow was dragged over the broadcast
seedings to cover the seed. Approximately 5400 seeds were planted per
square meters.21
Dactylis plomerata var. Wana was seeded at 20 kg/ha for both drills and
40 kg/ha for the broadcast application. Wana orchardgrass is a deep-rooted,
heavy tillering, spreading perennial that may outyield L. perenne in late summer
and fall.It tolerates heat, drought, and cold weather. Once established, it
provides a thick, persistent stand of highly palatable forage. Wana requires
warm soils to germinate and is slow to establish compared to other grasses.
Wana will yield best in a soil with a pH of 6 to 7 but will survive in a soil with a
pH of 5 to 8.It persists on shallow infertile soils and is responsive to nitrogen
fertilizer, which makes it more competitive with other grasses.
Fertility
Soil samples were taken to a depth of 7.5 cm before planting to
determine the fertility needs and pH of the soil. Samples were analyzed at the
Oregon State University soil testing facility Table 1.
The fertilizer guide for unirrigated perennial grass pastures in Western
Oregon, PNW bulletin FG 16 ( Hart et al., 1989), was used to determine
fertilizer rates. This bulletin suggests broadcasting 44 to 56 kg N per ha at
planting time. Phosphorus should be applied at 34 to 44 kg/ha when soil tests
are between 10 and 15 ppm, and potassium should be applied if ppm are
below 100. John Hart, Extension Soil Specialist at Oregon State University,
suggested 11 to 13.5 kg/ha of sulfur be applied at planting time.22
Table 1. Soil Analysis of Soap Creek Ranch and Wilson Farm before
planting.
Site pH P K Ca Mg
(ppm) (ppm) (meq/100g)(meq/100g)
Soap
Creek 5.7 11 363 11.2 3.9
Wilson
Farm 6.2 10 148 24 12
A 16-20-0-5 fertilizer was applied at 250 kg/ha to all seeded plots and
one unseeded main plot.This provided 45 kg N, 50 kg P, and 12.5 kg S/ha. A
1.2 meter Gandy drop spreader was used to apply the fertilizer on November
17th, 1991. One unseeded main plot was not fertilized.
A spring application of 46-0-0-0 at 90 kg/ha was applied on February 4,
1992. The fertilizer guide
Table 2. Pasture yield potential when recommends 45 kg of N/ha at this
fertilized based on the T-sum 200
method. time. This provided 39 kg N/ha. The
spring application was based on the
T-SUM % YIELD
100 90
T-sum method of determining spring
fertility dates (Kowalenko et al.,
150 95
200 100
1989). The T-sum method is a base
zero-growing-degree-day system
250 94
used in the Netherlands and UK
300 77
since 1959.It is calculated by23
summing the daily average between the maximum and minimum temperature in
celsius. This calculation begins on January 1 and any value less than 0 is
discarded. A relative yield potential is presented in Table 2.
Observations and Measurement
Herbicide Control
Visual evaluations were made to estimate the reduction in vegetation in
plots sprayed with paraquat and glyphosate. Sprayed plots were evaluated
December 15, 1991, 6 weeks after herbicides were applied. Evaluations were
made on the percent green-matter reduction compared to areas that had not
been sprayed. This evaluation would provide information on the reduction in
competition that was provided by each herbicide.
Seedling counts
Orchardgrass seedling counts were taken at both pasture sites on
January 21, 1992. Counts were taken where germination was evident. Each
observation consisted of 10 cm of planted row. These were marked and
counted. These rows were to be recounted after the last average frost date.
Counts were performed to evaluate percent survival of germinated grasses to a
killing frost.24
Harvest
Plots were harvested with a Swift forage harvester to determine dry-
matter yield in each plot.Plots were harvested when forage averaged 15 to 24
cm tall to simulate rotational grazing. Two passes were made in each plot with
the Swift forage harvester. Harvested material from each plot was collected
and weighed separately in the field. A sub-sample of each harvested plotwas
bagged and weighed in the lab. To determine dry-matter yield, sub-samples
were dried in a forced-air oven at 38C until a constant weight was reached.
Quality
Each sub-sample was analyzed by near infrared reflectance
spectroscopy (NIRS) to determine quality. After sub-samples were weighed
and dried, they were ground in a Tecator Cyclotech mill to 2 mm andwere
analyzed by NIRS. This analysis included Nitrogen/N content, acid detergent
fiber (ADF), and neutral detergent fiber (NDF). To compare forage quality in
this study, factors of interest were protein content and ADF.
Protein is reported as crude protein which is a portion of true protein and
non-nitrogen compounds. An animal can utilize a portion of both. ADF is
reported as a percent and is that portion of the forage that is not digestible to
the ruminant animal. The higher the ADF number the lower the digestibility.25
Density
A density study was conducted only at Wilson Farm. Orchardgrass
plants were counted in November of 1992 to estimate survival numbers per
hectare of each treatment. Plants that regrew after the summer were
considered established. Counts were made using a 0.2 m2 circle tossed 8 to
10 times into each seeded plot.
Statistical analysis
Results from each harvest were subjected to the appropriate analysis of
variance and the F test used for significance testing. Dependent variables were
analyzed according to a split-plot design. The main effects were blocking,
seeding method (Aerway, Tye, Broadcast, and check), and herbicide
(glyphosate, paraquat, and check). The interactions from the main effects
analyzed were between seeding method and herbicide. A separate analysis
was used to examine fertilized and unfertilized plots.26
RESULTS AND DISCUSSION
No orchardgrass survived at Soap Creek and not enough survived at
Wilson Farm to consider either renovation trial a success. This is consistent
with findings by Bellotti and Blair (1982 II) who reported that seedling survival is
more dependent on the control of competition than on seeding method.
Glyphosate and
paraquat reduced
annual and
perennial grasses
by 41 to 75
percent at both
sites 6 weeks
after spraying
(Tables 3 and 4).
Paraquat
reduced
vegetation 17 to
Table 3. Visual evaluations of percent green matter
reduction at Soap Creek Ranch December 22,1991.
Block
Herbicide 1 2 3 4 Mean
Paraquat Percent Control
80 7570 70
75 5045 65
80 75 30 85
80 7565 85
7560 50 75
Total 39033026038060
GlyphosatePercent Control
50
40
40
40
50
Total 260
20
45
50
50
50
215
65
50
50
55
25
240
30
50
40
55
60
23540
23 percent more than glyphosate at both sites.Annual grasses were the main
competition for introduced orchardgrass at both renovation sites.
Herbicides effect on dry-matter yield
Several investigators have reported that paraquat residue in surfaceTable 4. Visual evaluations of percent green matter
reduction at Wilson Farm December 22, 1991.
Block
Herbicide 1 2 3 4 Mean
Paraquat Percent Control
80 70 60 70
80 7040 80
80 70 75 80
80 50 75 70
80 6080 85
Total 40032033038570
GlyphosatePercent Control
65 40 25 50
65 5025 70
65 50 55 60
65 40 55 75
65 50 50 65
Total 32518021032050
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plant litter can
adversely affect
seedling
development
(Kay and Owens,
1969; Hurto and
Turgeon, 1979).
Although
paraquat is
quickly tied up in
soils, it is weakly
held by thatch
material explaining its residual activity in thatch. There are conflicting reports
on the effect of glyphosate on seedling development.It is recommended to
delay planting 10 days for grasses after spraying glyphosate even though there
is little or no residual effect in a thatch layer (Campbell, 1974).It has been
reported that toxins released from decaying plants sprayed with glyphosate may
limit the success of sod-seeding without a
planting delay (Welty et al., 1981; Campbell, 1976).In a similar renovation trial,
Ellott perennial ryegrass was planted into a perennial grass pasture containing
no thatch. The ryegrass had adequate germination and survival in plots treated28
with either glyphosate or paraquat to consider this trial a success (Nuemeister,
1993).
Herbicide affects also are related to grass species and weather. Annual
grasses respond differently than perennial grasses to fall moisture. Perennial
grasses initiate growth rapidly from residual soil moisture or after initial rainfall,
which allows earlier spraying. Annual grasses need adequate moisture for an
extended period to allow germination and growth of the seedling. Herbicide
spraying should be delayed 30 to 60 days after the initial rainfall with annual
grasses (Kay and Owens, 1970).Most years in the Willamette Valley this time
frame will move the planting into November which may be too late for seedling
survival. Without control, seedlings of annual grasses grow faster than
seedlings of perennial grasses. Therefore annuals outcompete seedling for
light, nutrients, and moisture (Hall et al., 1985).It is reported that competition
for light is a major cause of seedling mortality in pasture seedings (Campbell
and Swain, 1973; Dowling and Robinson, 1976).
Forage yields in the first harvest reflected visual observations of
herbicide effectiveness at both sites (Fig. 1,2). There was no interaction
between seeding method and herbicide that allowed independent analysis. An
interaction would occur when the responses to the levels of seeding method are
not the same at all levels of herbicides.If this is true, these factors are not
independent and can not be analyzed separately.Interactions were not
expected in this trial.Control of annual grasses by paraquat reduced yields29
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orchardgrass renovated pasture at Wilson Farm first
harvest 4/21/92.30
compared to glyphosate and both herbicides reduced yields compared to
unsprayed plots (P=.05). Yield comparisons between seeding methods were
not done because of poor establishment of orchardgrass.
Forage yield in unsprayed plots would have been higher than in
orchardgrass plots even if it had become established. Several studies have
suggested a lag period before there is any increase in dry-matter yield from
sown grasses, especially in direct drilled seedings (Bartholomew et al., 1981;
Bellotti and Blair 1 1989). Wana orchardgrass is considered a slow grower
compared to annual grasses and other perennial grasses so yields in
conventional plantings are depressed in the first year of production. Renovating
an annual pasture with a perennial grass will extend the grazing season from
early spring into early summer and starting again in the fall.Perennial grasses
may not always increase total dry-matter yields, but will provide more flexibility
in the time of grazing than an annual pasture.
Vegetation control and its effects also were evident in the second
harvest, 4 weeks after the first harvest.At Wilson Farm, yield in plots sprayed
with paraquat was higher than in glyphosate plots. Yields were higher in plots
sprayed with herbicides than in unsprayed plots (Fig.4).Increased vegetation
control of annual grasses decreased competition for subclover stimulating
subclover growth which increased forage yields.
A visual evaluation of the percent subclover in each plot was done
before the second harvest (Fig. 5). There was more subclover in plots sprayed31
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with paraquat compared to plots sprayed with glyphosate and the unsprayed
plots. Although it is not practical to spray herbicides to reduce competition for
clover, grazing management can be used to reduce grass competition and
increase subclover growth. Subclover is an important component in hill land
pastures in Oregon.It reseeds annually but competition from grass will
decrease its percentage over time.
Orchardgrass emergence
Orchardgrass emergence and growth to the first true leaf stage was
evident at both sites. Orchardgrass seedling counts were taken on January 21,
1992 to document emergence (Table 5 and 6). A spring count to document
frost damage was not conducted because mild winter weather would have been
no threat to the seedlings.Statistical analysis was not run because counts
were not randomly selected. Orchardgrass growing in 10 cm of planted row
was counted for each observation.
Annual grass competition at Wilson Farm was 3 to 5 cm compared to
Soap Creek were it was 5 to 8 cm tall.Orchardgrass seedlings at both sites
were 1.5 to 2.5 cm. The Aerway planter also made counts easier.It ripped the
sod leaving bare soil within the rows where annual grasses did not
germinate.The Tye drill cut a groove in the soil so competition from emerging
annuals was high throughout the plots as it was in the plots seeded by
broadcast and harrowing.No seedlings were found at Soap Creek in these34
Table 5. Orchardgrass germination counts in 10 cm of planted rowat
Soap Creek January 20,1992.
Herbicide
Establishment Seeded GlyphosateParaquat Check
Method Plot
Aerway
Seedling counts
110 13,17
205 10,6,22
405 13,9,15
111 9
204 10,9
315 12,9
Table 6. Orchardgrass germination counts in 10 cm of planted row at
Wilson Farm January 21,1992.
Herbicide
Establishment Seeded GlyphosateParaquatCheck
Method Plot
Seedling counts
Aerway 101 22,24
305 25,12
102 12
201 25,29,7
407 15,10,14
304 29
Tye 104 47
208 18,18,38
303 7
102 12
105 16
Broadcast 312 24,39
213 3435
two methods because of the taller competition which may have inhibited
germination and also made seedlings hard to find.
Orchardgrass survival
Plant survival, in this context, is the regrowth of a perennial plant after
the summer drought (Belloti and Blair, 1989). No orchardgrass survived at
Soap Creek. Orchardgrass survival-counts were completed at Wilson Farm on
November 3, 1993. Even though renovation was not considered a success,
counts were made to analyze seeding method and herbicide effects on survival.
There was no interaction between seeding method and herbicide so each was
analyzed separately. However, when graphically analyzed there appears a
trend toward higher survival in plots sprayed with paraquat and seeded with the
Aerway drill. (Fig. 6) This increase is the same as the earlier seedling counts
for these plots. Orchardgrass survival was reduced in plots sprayed with
paraquat compared to plots sprayed with glyphosate, whether the Tye drill or
the broadcast harrow was used. This reduction reflects seedling counts and
may relate to the residual effect of paraquat when sprayed on a thatch layer.
Overall survival was higher in plots seeded by the broadcast and harrow
method than in the Tye and Aerway, where it was equal (Fig. 7). The actual
percent survival in the broadcast method, however was lower since seeding
rates were doubled compared to both drills.Survival in a broadcast seeding
method usually is lower because of poor seed to soil contact but weather
conditions were good for broadcast seeding methods in these36
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trials. There were 5 days without measurable precipitation in November 1991,
and three of those days were directly after seeding. Moisture was therefore not
a limiting factor for germination and early seedling growth.
Herbicides effect on establishment
Both herbicides increased seedling establishment at Wilson Farm (Fig.
8).However, seedling establishment was less than 20 plants per square meter
for both herbicide treatments. This was less than 0.1 percent of the seed
planted.Hall et al. (1987) reported 1 percent establishment of Grassland Apaui
orchardgrass into uncontrolled tussock grasslands containing mostly perennial
grasses. He said "the most striking comparison (in this study) was the failure of
grasses to establish unless existing vegetation was first removed." Others have
suggested that efforts to reestablish annual grasslands with perennial grasses,
including orchardgrass, have failed because of competition from annual grass
weeds (Bellotti and Blair, 1989; and Borman et al. 1991). Annual grasses are
able to outcompete perennial grasses for light, water, and nutrients because of
rapid fall and early spring growth. Establishment at Wilson Farm was less than
20 plants per square meter even though initial vegetation control reached 72
percent of the vegetation present when sprayed. Spraying too soon after the
first rain did not allow enough time for most annual grasses to emergence prior
to spraying. Continued germination after spraying created enough competition
for introduced orchardgrass to fail.39
Temperature effect on germination and establishment
The average daily temperature for November was a maximum of 12C
and a minimum of 5C (Hyslop Farm weather station). The average surface soil
temperatures were 13C and 5C. Orchardgrass germination is dependent on
temperature. Alternating temperatures from 5C for 16 hours to 100 for 8 hours
results in germination of 75% of the pure live seeds in 30 days. At 5C it will
take 7 to 8 weeks for 75% germination to occur (Ellern, 1985). He also found
that temperatures in the 4 to 100 range delayed perennial grass germination in
the greenhouse. Others suggest perennial grasses, such as tall fescue, should
not be planted in a pasture with annual ryegrass when temperatures are at or
below 100 (Hall et al., 1985).
Delay of germination and slow subsequent growth puts the orchardgrass
at a disadvantage to the annual grasses in the pasture.If an aggressive
species can reduce light to another species, the suppressed species will suffer
from the reduced energy input. This results in less root growth and affected
plants are therefore less able to exploit the water and nutrients in the soil.This
inability to acquire nutrients further reduces shoot and leaf growth.
The effect of shading was apparent on survival at Wilson Farm (Fig.9).
Shading from trees occurred in block one most of the day and in block three for
part of the day. No shading occurred in blocks two or four.Survival increased
in blocks with no shading (Fig 9). No survival occurred in plot 104 where
germination counts were highest (Table 6). Shading affected yield of the40
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annual grasses as it did orchardgrass survival. Yields were reduced in blocks
that received shade in both harvests (Fig. 10,11).
Fertility
Jones (1974) suggested that annual grass pastures are always deficient
in nitrogen, lowering yield potentials.Fertility improvement alone may be a low
cost alternative to renovation. To compare fertilizer affects, two unseeded
plots, one fertilized and one unfertilized were used in these trials.
Fertilizer increased yields at both sites for the first harvest (Fig. 12,13).
An increase in yield was expected from added fertilizer but the increase is
rarely beneficial to producers because early spring growth is usually more than
they can use. The extra yield would be beneficial if it was harvested and
preserved or if stocking rates were increased at this time.Fertilizer was applied
on February 25 and was too early in the year.Fertilizer application after the
first harvest would increase production later when it is needed, but availability of
adequate moisture is less reliable then.
Fertilizer did not significantly increase annual grass yields in the second
harvest (Fig. 14,15). However, at Soap Creek there was a trend of increased
yields in the fertilized plots. This increase may be beneficial to the producer at
a time when the yield is more important than early. At Wilson Farm the trend
was for higher yields in unfertilized plots compared to fertilized plots. This
increase was unexpected and was related to subclover growth. Early fertilizer
applications increased grass competition and decreased subclover growth.42
Quality
Without a successful survival of orchardgrass, no quality analysis was
made on the forage.In the fertilized versus unfertilized study there was no
difference in quality so it is not reported.43
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CONCLUSION
Neither renovation trial was successful because less than 1% of the
orchardgrass survived when planted into annual grass pastures. However, the
results demonstrate that where orchardgrass did survive vegetation control with
herbicides was more important than the seeding method. Annual grasses
continued to germinate and grow after herbicides were sprayed creating
competition for the orchardgrass seedlings. Competition for light during early
seedling development and for water later in the summer are major reasons for
renovation failures.
Herbicide applications to control annual grasses should be delayed 30 to
60 days after an initial rainfall for best results.In the Willamette Valley, with
unreliable fall rains, a delay would move the seeding date into November. Late
fall planting is not advisable because of slow germination and small plants are
more susceptible to winter weather. Future studies in annual grass pasture
renovation should focus on an early spring seeding date. Herbicides would
also be applied in the spring. Grazing management after seeding should also
be looked at to control early competition. This method would still involve no-till
renovation.
Thatch was also a problem in this study. Mowing of mature plants in the
summer did not allow time for the breakdown of residue. Pasture renovation
should therefore begin the year before planting. Other studies could look at
overgrazing annual pastures to decrease residue and also decrease seed47
production. Other research could include planting forage cereals for one year
and control the annual grasses with herbicides and replant to pasture in the fall.
This study did show that fertilizer use will increase the overall forage
yield in an annual pasture.Fertilizer application in the spring should be looked
at to provide a yield increase after the first harvest where it would be better
used. The economics of pasture renovation were not looked at because of
poor establishment.It would be important to look at renovation costs compared
to forage yields over time and to determine how long a renovated pasture will
stay productive.48
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Appendix 1.
Anova tables54
Table 7. Anova for dry-matter yield in first harvest at Soap Creek Ranch
in the unseeded plots.
Source of Sum of D.F Mean F-ratio Sig.
Variation Squares Square level
MAIN EFFECTS
A: Block 225918.1 3 75306.0 .654(0) .6321
B: Fertility 3010011.5 1 3010011.5 26.146(0) .0145
C: Herbicide 1416582.7 2 708291.3 17.378(1) .0003
INTERACTIONS
AB 345374.5 3 115124.8
AC 246054.0 6 41009.0
BC 38805.1 2 19402.5 .476(1) .6325
ABC 243041.4 6 40506.9
RESIDUALS 00000.0 0 00000.0
TOTAL 5525787.4 23
F-ratios are based on the following mean square: (0)AB (1)ABC+BC
Table 8. Anova for dry-matter yield in first harvest at Wilson Farm in the
unseeded plots.
Source of Sum of D.F Mean F-ratio Sig.
Variation Squares Square level
A: Block 843737.4 3 281245.8 6.12(0) .0856
B: Fertility 4774402.4 1 4774402.4 103.82(0) .0020
C: Herbicide 2804717.5 2 1402358.8 40.13(1) .0000
INTERACTIONS
AB 137964.6 3 45988.2
AC 169608.5 6 28268.1
BC 274577.8 2 137288.9 3.929 .0487
ABC 249715.9 6 41619.3
RESIDUALS 00000.0 0 00000.0
TOTAL 9254724.2 23
F-ratios are based on the following mean square: (0)AB (1)ABC+BC55
Table 9. Anova for dry-matter yield in second harvest at Soap Creek Ranch
in the unseeded plots.
Source of
Variation
Sum of
Squares
D.F Mean
Square
F-ratio Sig.
level
MAIN EFFECTS
A: Block 267571.5 3 89190.5 .920(0) .5265
B: Fertility 328778.2 1 328778.2 3.391(0) .1628
C: Herbicide 133404.9 2 66702.5 .932(1) .4203
INTERACTIONS
AB 290854.2 3 96951.4
AC 525797.0 6 87632.8
BC 39815.8 2 19907.9 .278(1) .7618
ABC 332636.7 6 55439.5
RESIDUALS 000000.0 0 00000.0
TOTAL 1918858.4 23
F-ratios are based on the following mean square: (0)AB (1)ABC+BC
Table 10. Anova for dry-matter yield in second harvest at Wilson Farm in the
unseeded plots.
Source of
Variation
Sum of
Squares
D.FMean
Square
F-ratio Sig.
level
MAIN EFFECTS
A: Block 1558944.1 3 519648.0 9.187(0) .0507
B: Fertility 501185.6 1 501185.6 8.860(0) .0588
C: Herbicide 2717818.7 2 1358909.3 25.228(1) .0001
INTERACTIONS
AB 169696.3 3 56565.4
AC 182541.9 6 30423.6
BC 103424.2 2 51712.1 0.960(1) .4104
ABC 463834.3 6 77305.7
RESIDUALS 000000.0 0 00000.0
TOTAL 5697445.023
F-ratios are based on the following mean square: (0)AB (1)ABC+BC56
Table 11. Anova for dry-matter yield in first harvest at Soap Creek Ranch
in the seeded plots.
Source of Sum of D.F Mean F-ratio Sig.
Variation Squares Square level
MAIN EFFECTS
A: Block 390436.2 3 130145.4 3.074(0) .0833
B: Es Method 192918.7 3 64306.2 1.519(0) .2752
C: Herbicide 2466053.9 2 1233027.0 33.460(1) .0000
INTERACTIONS
AB 381006.7 9 42334.1
AC 360400.4 6 60066.7
BC 301077.9 6 50179.7 1.362(1) 2698
ABC 583338.7 18 32407.7
RESIDUALS 00000.0 0 00000.0
TOTAL 4675232.5 47
F-ratios are based on the following mean square: (0)AB (1)ABC+BC
Table 12. Anova for dry-matter yield in first harvest at Wilson Farm in the
seeded plots.
Source of Sum of D.F Mean F-ratio Sig.
Variation Squares Square level
MAIN EFFECTS
A: Block 286736.9 3 955782.3 12.112(0) .0016
B: Es Method 1387991.1 3 462663.7 5.863(0) .0168
C: Herbicide 5916642.2 2 2958321.1 24.927(1) .0000
INTERACTIONS
AB 710209.8 9 78912.2
AC 1095797.3 6 182632.9
BC 520063.7 6 86677.3 0.730(1) .6298
ABC 1752549.0 18 97363.8
RESIDUALS 0000000.0 0 00000.0
TOTAL 14250600 47
F-ratios are based on the following mean square: (0)AB (1)ABC+BC57
Table 13. Anova for dry-matter yield in second harvest at Soap Creek Ranch
in the seeded plots.
Source of
Variation
Sum of
Squares
D.F Mean
Square
F-ratio Sig.
level
MAIN EFFECTS
A: Block 278327.2 3 92775.8 2.103(0) .1701
B: Es Method 47422.2 3 15807.4 .358(0) .7846
C: Herbicide 536570.1 2 268285.1 1.192(1) .0019
INTERACTIONS
AB 397069.1 9 44118.8
AC 606393.7 6 101065.6
BC 145793.7 6 24298.9 .742(1) .6213
ABC 640223.6 18 35567.9
RESIDUALS 000000.0 0 00000.0
TOTAL 2651799.9 47
F-ratios are based on the following mean square:(0)AB(1)ABC+BC
Table 14. Anova for dry-matter yield in second harvest at Wilson Farm in the
seeded plots.
Source of
Variation
Sum of
Squares
D.F Mean
Square
F-ratio Sig.
level
MAIN EFFECTS
A: Block 1558944.1 3 519648.0 9.187(0) .0507
B: Es Method 501185.6 1 501185.6 8.860(0) .0588
C: Herbicide 2717818.7 2 1358909.3 25.228(1) .0001
INTERACTIONS
AB 169696.3 3 56565.4
AC 182541.8 6 30423.6
BC 103424.2 2 51712.1 0.960(1) .4104
ABC 463834.3 6 77305.7
RESIDUALS 000000.0 0 00000.0
TOTAL 5697445.0 23
F-ratios are based on the following mean square: (0)AB (1)ABC+BC58
Table 15. Anova for percent subclover at Wilson Farm before the second
harvest.
Source of Sum of D.F Mean F-ratio Sig.
Variation Squares Square level
Between groups 17639.474 2 8819.7368 31.112 .0000
Within groups15307.895 54 283.4795
TOTAL 32947.368 56
0 missing values have been excluded
Table 16. Anova for the seedling survival in the seeded plots at Wilson Farm
after the last harvest.
Source of
Variation
Sum of
Squares
D.F Mean
Square
F-ratio Sig.
level
MAIN EFFECTS
A: Block 354.7756 3 118.2585 13.029(0) .0049
B: Es Method 103.2580 2 51.6290 5.688(0) .0412
C: Herbicide 488.1099 2 244.0549 6.394(1) .0080
INTERACTIONS
AB 54.4581 6 9.0763
AC 195.9164 6 32.6527
BC 72.8963 4 18.2241 .477(1) .7518
ABC 491.0897 12 40.9241
RESIDUALS 3480.3008287 12.1265
TOTAL 5290.0557322
F-ratios are based on the following mean square: (0)AB (1)ABC+BC